1.Introduction
The advanced new generation sequencing methods have brought a much deeper insight into the complexity of proventricular ecosystem and substantially increased knowledge related to rumen microbial diversity [1, 2, 3, 4] . However, variation in sampling and sample preservation techniques as well as different DNA isolation methods, induce uncertainties on the influence of these techniques on microbial community structure and possible bias between published results. Several methods for the isolation of DNA from rumen contents have been compared [5, 6, 7] , but the suitability of DNA released into the rumen environment has not been evaluated. Extracellular DNA has been used in the study of biodiversity of microbial populations in sediments and soils [8, 9] , but it is questionable if this technique can be applied to a dynamic ecosystem with a relatively quick turnover such as the rumen.
Limited information is also available about the effect of sample storage conditions on rumen microbial composition. Gram-negative bacteria, which predominate in the rumen, are considered to be particularly sensitive to freezing and thawing [10] . Therefore, freezing samples with glycerol as cryoprotectant has been recommended to minimise cell damage and maintain viability after freezing [11, 12] . However, several reports indicate that bacterial diversity of rumen fluid is not substantially altered during preservation [13] .
The objective of the present study was to compare the diversity of bacteria based on intra-and extra-cellular DNA isolated from bovine rumen fluid stored under different conditions. The influence of sample treatment, storage temperature and cryoprotectants on quality and quantity parameters of isolated DNA was evaluated by bacterial DGGE analysis, real-time PCR quantification and a metabarcoding approach using high-throughput sequencing.
Material and methods

Sample collection and processing
All procedures involving animals were approved by the Animal Experiment Committee of MTT Agrifood Research Finland in accordance with the Use of Vertebrates for Scientific Purposes Act (1985) . Ruminal digesta was collected from a lactating Finnish Ayrshire cow fitted with a rumen cannula (i.d. 100 mm; Bar Diamond, Inc., Parma, ID), producing 33.5 kg milk/day and offered a total mixed ration comprised (g/kg dry matter) restrictively fermented grass silage (600), rolled barley (180), solvent extracted rapeseed meal (115), molassed sugarbeet pulp (90), and a vitamin and mineral premix (15) . After removal from the rumen, digesta was treated in three different ways: (i) digesta was squeezed through two layers of cheesecloth, with the strained rumen fluid being collected into sterile 50ml centrifuge tubes, placed on ice and used for intracellular DNA (iDNA) extraction; (ii) a subsample of strained rumen fluid was centrifuged (10 000 x g, 25 min at 4°C) to sediment the microbial pellet and the supernatant was used for extracellular DNA (eDNA) extraction (centrifuged supernatant sample); (iii) an aliquot of the centrifuged strain rumen fluid was filtered further by passing through a 0.2 µm filter (Whatman) (filtered sample) and used for the isolation of e DNA .
Sample preservation
All three types of rumen fluid were treated and stored under different conditions: (i) 400 µl of sample was mixed with 800 µl of 100% ethanol and stored at room temperature (RT); (ii) 500 µl of sample was mixed with 1ml of PBS-glycerol buffer and stored at -80 O C; (iii) 2 ml of sample were frozen at -80 O C without any additives.
DNA isolation
Intracellular DNA was isolated according to Yu and Morrison [5] . This method combines bead-beating with the column filtration steps of the QIAamp DNA Stool Mini Kit (Germany).
Extracellular DNA was isolated using the DNeasy Blood and Tissue Kit (Qiagen, Germany) according to the instructions provided by the manufacturer. The description of sample processing, storage conditions and DNA isolation methods are summarized in Table 1 .
PCR and DGGE analysis
Total bacterial 16S rDNA was amplified with universal primers 27fp and rP2 [14] . The PCR products were purified by Qiagen PCR purification kit (Germany) and used for nested PCR amplification of the V3 region for DGGE analysis with primers 338GC and 534 [15] . DGGE analysis was performed according to Muyzer et al. [15] on DCode Mutation Detection System (BioRad Laboratories Ltd, Germany) on a 9% polyacrylamide gel with 35-60% denaturing chemical concentration (100% denaturant according to 7M urea and 40% formamide in 1X TAE-buffer). The electrophoresis was operated for 18 hours at 55 V and 60°C. Gel was stained for 30 minutes in 1x TAE buffer with Gel Green Dye (0.001%) and visualized using a UV transilluminator (Vilber Lourmat, France). The band patterns were compared and used to construct a 1/0 matrix based on presence or absence of bands followed by calculating phylogenetic tree by UPGMA method. The reliability was verified by bootstrapping with 1000 replicates [16] .
qPCR analysis
The quantification of selected bacterial groups was performed with the MX3005P QPCR System (Stratagene, U.S.A) using the qPCR 2x SYBR Master Mix (Top-Bio, Czech Republic) and PCR primers targeting 16S rRNA gene fragments. Specific primers 928F-Firm and 1040FirmR, 798cfbF and cfb967R, were used for quantification of the Firmicutes and Bacteroidetes, respectively [17] . Quantitative PCR was performed according to De Gregoris et al. [17] . The serially diluted DNA isolated from the known number of cells was used as a standard for the construction of a calibration curve. Clostridium leptum ATCC 29062 was 
Metabarcoding (NGS)
The first step of the metabarcoding analysis was to design bacterial primers meeting the following criteria: (i) amplification of short fragments (<400bp) that can be sequenced using the MiSeq technology from Illumina (http://www.illumina.com/systems/miseq.ilmn); (ii) generation of barcodes with a high discrimination power among bacteria; and (iii) high conservation across bacteria to avoid amplification bias. Such primers were designed in silico using ecoPrimers [18] and OBITools software suite with the OBITools software suite. Potential PCR errors and chimeras were filtered using the obiclean program, and the remaining sequences were assigned to bacterial taxa using the ecotag program, based on reference sequences available in GenBank (EMBL release 111).
The similarity of samples was evaluated by Bray-Curtis distances between samples calculated using the vegdist function of the vegan R package, and hierachical complete clustering was performed on the obtained distance matrix by applying the hclust function in R. 
PCR quantification of selected bacterial phyla
The results of the relative PCR assesment of Firmicutes and Bacteroidetes depicted in The count (blue line) is the number of pair-wise distances reaching a given value.
Findings are however more complicated at the phylum taxonomic level (Fig. 4) . Taxonomical 
Discussion
The understanding of the influence of the sample treatment, storage conditions, DNA isolation procedure and type of analysed DNA on microbial ecosystem diversity is of the great importance for the application of the optimal study approach and the comparability of results. In this work, we studied the influence of mentioned factors on bovine ruminal bacterial composition with the special attention to Firmicutes and Bacteroidetes, which are the two dominant phyla populating the rumen [19, 20] . Previous investigations of preservation procedures for rumen contents have been evaluated in the most part on the basis of culture viability [11, 12, 21, 22] , fermentation patterns [23, 24] or on polysaccharide-degrading activity [25] . In general, the outcome of these investigations indicate no major influence of storage conditions, namely freezing at different temperatures with or without additives, on fermentative activity and the biodiversity of microbial populations in rumen inoculum. These findings are in contradiction with the molecular study of McKain et al. [26] indicating that isolation procedure. Extracellular DNA released into the environment after the cell death and lysis has been used for relevant ecological studies of soils and sediments [9, 27] . Free DNA may persist in soil due to binding to surface-reactive particles as clay, sand, silt and humic substances [28, 29] . However, in the reticulorumen nucleic acids are rapidly degraded to nucleotides, nucleosides and free bases by enzymes released by complex microbial population [30, 31] . Extracellular DNA thus has important implications for ruminal bacterial metabolism, 
